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SUMMARY: The growth of pulmonary function between ages 5.5 and 25 
years was determined in 1502 observations on 3 62 subjects from a 
representative population study of non-Mexican American whites in 
Tuscon. There was an average of 8.8 years of follow-up, with a 
maximum of 12. The model developed was robust for follow-up of 3— 
7 observations (3+ years). Respiratory illnesses and smoking had 
the biggest negative impact on growth of forced expiratory volume 
in 1 s(FEVl), Vmax50%, Vmax50%/forced vital capacity (FVC) parental 
smoking and airway obstructive disease (AOD) were important also. 
Flow measures showed present and more persistent effects of disease 
and smoking than did FEV1. 
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SUMMARY 

The growth of pulmonary function between ages 5.5 and 25 years was determined in 1502 observations 
on 362 subjects from a representative population study of non-Mexican American whites in Tucson. 
There was an average of 8.8 years of follow-up, with a maximum of 12. The model developed was robust 
for follow-up of 3-7 observations (3+; years). Respiratory illnesses and smoking had the biggest negative., 
impact on growth of forced expiratory volume ini a (FEV ( ); Km, 5<HV, K«m 50%/forced vital capacity 
(FVC) parental smoking and airway obstruaive disease (AOD) were important alsO?Flow measures 
showed present and more persistent effects of disease and smoking than did FEV, 


INTRODUCTION 

Although there have been various evaluations of ‘growth’ of pulmonary function 
cross-sectionally, fewer studies have evaluated such growth through longitudinal 
measures [1-4). The paper attempts to evaluate the effects of initial function, symp- 
toms, disease during childhood, the onset of smoking, and effect of parental symp¬ 
toms and smoking [5,6]. Relationships between these findings and our physiological 
findings in early childhood are indicated. The importance of bronchial reactivity in 
childhood is discussed as well. 


• Invited paper, presented at the international Experimental Toxicology Symposium on Passive Smok¬ 
ing. October 23-25, 1986, Essen (F.R.G.). 

Abbreviations: AOD. airway obstructive disease: FEV, 4 forced expiratory volume in 1 s; FVC, forced 
viiallcapacity. 
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MATERIALS AND METHODS 

Subjects tested with a pneumotachograph were those enrolled im the 
epidemiological study of white non-Mexican American households in Tucson, 
described in detail elsewhere [7]. Subjects were tested in Surveys. There were a total 
of L520 observations from 1972-1983 on 362 individuals aged 6-15 years at the time 
of their first satisfactory testing and up through their 25th birthday at the end of 
follow-up. The maximum length of follow-up was 12 years, and the average was 8.8 
years. 

The measures of pulmonary function derived were FVC, FEVi, flow at 50% of 
FVC (K»« 50%), flow at 75% of expired FVC (F®** 75%). Individuals in the pre¬ 
sent data set were within 49% - 151% of predicted, using our previous prediction 
equations [8]. 

We used a composite growth model (unweighted longitudinal observations on in¬ 
dividuals). It was a quadratic function of height and age. The final models, based 
on three or more observations per subject, were derived for FEV U K^ 50% and 
V mux 50%/FVC (as a measure of lung size-compensated flows): FEV r = 6.844 + 

0.040 age-0.281 height + 0.003 height 2 (R = 0.916, P<0.001); K^.50% = 5.489 
+ 0.056 age - 0.221 height + 0.003 height 2 (R - 0.717, PcO.0001); 

50%/FVC = 4.65 + 0.070 age - 0.0019 age 2 - 0.116 height + 0.0008 height 2 (R 
- 0.278, P< 0.0001). 

The standard error of the estimate for FEVi for 3 or more points ranged from \ 

0.3 to 0.5, and decreased with the number of observations; the multiple correlation < 

coefficient increased with the number of observations from about 0.88 to 0.95 for 
FEV,. Residuals from the model did not correlate with any age or size determinants, 
including sitting height, or arm spam End point residuals were calculated as well for 
all individuals aged 0 -14 years at entry with follow-up to assess risk factors. 

In all methods of analysis, the number of obervations was used as a measure of 1 
individual and survey variability, it related significantly but without pattern only to 
survey. SEE’s derived for the individuals (with 2:3 values) or along with their own 
slopes, were used in the fashion of Goldstein [9,10] representing individual variabili¬ 
ty to determine contributions of risk variables to changes over time of each growth 
variable. 

RESULTS 

Residual proportions of FEVi, 50%, and V 50%/FVC were significantly 
related to symptoms in all age groups. Those who had physician-confirmed chronic 
bronchitis throughout the study had significantly lower outcome FEV t and especial¬ 
ly lower outcome K*„ 50%. Sex was not a significant covariate. 

Jk>ih outcome FEVi and Km, 50% residuals were significantly related to the 

after adjusting for other factors. The out- 
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TABLE 1 

ALL ENDPOINT jWSO* RESIDUALS BY ADJUSTED* RISK FACTORS, AGES 0-14 AT ENTRY 
Grand mean = -0.02 _ 


symptoms: 

Yes 

- 4.38 

<«> 


*' 

No 

+ 2.46 

051) 

.-• P--4L041 

Active smoking: 

Current 

-7.32 

(60} 

»c 


Ex 

-0.02 

(22) 



Never 

+ 2.80 

U55) 

P-0.054 

Passive smoking: 

Mother* 

- .02 

(127) 

— 


Father only 

+ 1.06 

(65) 

jr-' 


Neither 

- 1.58 

(45) 

P-0.858 

Overall significance (ANOVA): 

P =0.006 


. ■ 


‘Adjusted for each other factor. age (significant) and number of observations (hoi significant); Interae- 
lions: active x fathers smoking {P - 0.072), psrems’ AOD x jiookiag ^ 

^Regardless of father's smoking. _ 

i . - -• 

comes were related to symptoms within smoking groups. Parttttal AOD (diagfftsed 
emphysema, chronic bronchitis, or asthma^had additional effects on the children’s 
smoking and symptoms, for endpoint 1^*** 50% ~btrt not mdepSjdeniiyjtbe re^ual 
for current smokers with symptoms antf paftqiaf history was - 14.41^(95^con¬ 
fidence interval of -4.57 to -24.25). Pareritil smokii% was not significant** a 
main effect within the multifactor analysis of variance. However, it^showed a 
significant interaction with subjects’ smoking (children smoked 4f paren^ did} and 
parental AOD (Table 1). .. 


TABLE 11 - ' ~ - ~ 

ALL 50*/FVC RESIDUALS A^ SY^TOMST 

AND PARENTAL SMOKING, ADJUSTED FORJSEX AW OTIC^^ARt^gS ;rj 




Ages 5.5-25 


Symptoms' ~ r 

v« •- ■*&■»?*££* 

No r-*”? +2.75 

Mother's nTofcteg*^ -"■£?- * _ — 

Current _ ^ -3.68 . tk 

Ex *. ■ ' 

Never 

Children's *o€j 8 g*^ 2 ^ 7 . 




? W2 SSitKr-v 

/><o.ooi ' - - ^ ■ 


:*& —•=-* 
■ ” 4 ' ^4- ^ 

-;£* /><«K3-j. ■' 




+ 0 94 _ 




•Adjusted for sex (P< 0.001) and each cnher(age-waus)- ^ ‘ 

^Father’s smoking was of bordertroc signifi ca nt* ^ and eoafonat jmgkiog (mother 

of father smoking; father smoking only; w eilh a r) wga^ gnU jc am 5. OQgva&j ii*a<ycy 

+ 0.44, + 1.64; respectively). 
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Size compensation (V mKX 50%/FVC) removed any further effects of age. Symp-~ 
toms, smoking and parental smoking were all related to residuals after appropriate^ 
adjustments (Table iff!*' 

The individual slopes were not correlated with initial values, but were correlated 
with endpoint values. After the various adjustment using multifactor ANOVA, as 
before, only symptoms and smoking were highly related to individual slopes, 
especially those of V*** 50%. 


DISCUSSION 


Size-compensated flows showed the same pattern with age and by sex as shown 
in infants and smaller children [5,11], with females having higher flows for given 
volumes than males after puberty, even though males had higher volumes. Flows 
( F m « x 50%) did not differ significantly by gender. As shown by others [6], abnormal 
peripheral function, as measured by the 50%, persists longer, into adulthood. 
FVC per se was higher in malts. It showed an increase related to maternal smoking 
(after adjusting for age, height and sex), as was found at our lab in infants [111. 
Significantly FEVj showed a borderline trend in the other direction. Thus, most 
significant, long-term effects leading into adulthood are in small rather than large 
airways. . 

Children’s symptomatology was related to parental history of AOD, and it 
modified effects of other factors. Initially measured pulmonary function was in¬ 
fluenced by both parental factors and the children’s respiratory history and growth 
in function was affected by these factors, the level of their initial function, and later 
symptomatology. This information confirms longitudinally our hypotheses that 
childhood respiratory trouble, and the affects of parental/familial factors are im¬ 
portant in growth of pulmonary function [12-14). 


Further, parental smoking specifically had an influen ce on the children's, 
^uimonaiy functlpp^^was 

symptoms, and parentafhistory, and 
^(Further, passive smoking 
pecially in those whi 


^smoking, as w;u 
jevcsi after adjusSnen 
fiyitv - , ' 



iiyity m 9 yi 
$14). Passive snii 
at alm ost all agL», 
tween mitiarand outcome residuals.) 


must have its major effe 
as bracking* ofTesidualsisso; 
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